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(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate the influence of a sign error to 
the actually measured value by obtaining the sign error at the measured 
vale obtained by a laser interferometer when a moving mirror on a leveling 
stage is inclined. 

SOLUTION: The aligner exposes a wafer W mounted on a focus leveling 
stage 15 with a pattern drawn on a reticle R via a projection lens PL The 
aligner comprises an actuator 21 for inclining the stage 15 at a 
predetermined angle with respect to the optical axis of the lens PL, a 
moving mirror for mounting the stage 15, a laser interferometer 34 for 
emitting a laser beam to the mirror to obtain a coordinate value, an 
alignment sensor 20 for detecting an alignment mark, a main controller 50 
for reading the coordinate value of the interferometer 34 in the state that 
the wafer W is inclined by the actuator while confirming the mark by the 
sensor 20 to calculate the sign error generated in response to the inclined 
angle of the wafer W, and a having 35 for regulating the interferometer 34 
so as not to generate the sign error. 
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damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 +*+* shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection aligner which exposes the pattern which is characterized by providing the following, and 
which was drawn on the mask to the sensitization substrate laid in the substrate table through the projection optical 
system. The actuator which carries out the predetermined angle inclination of the aforementioned substrate table to the 
optical axis of the aforementioned projection optical system. The move mirror laid in the aforementioned substrate 
table. The interferometer which irradiates a laser beam at the aforementioned move mirror, and obtains a coordinate 
value. A calculation means compute the sign error which reads a coordinate value with the aforementioned 
interferometer in the state made the aforementioned sensitization substrate incline with the aforementioned actuator, 
and produces according to the tilt angle of the aforementioned sensitization substrate while checking the position of the 
aforementioned sensitization substrate with the position detection optical system which detects the position of the 
aforementioned sensitization substrate, and the aforementioned position detection optical system, and an adjustment 
means adjust the measuring point of the aforementioned laser interferometer in the aforementioned optical-axis 
direction. 

[Claim 2] It is in the state where an aligner according to claim 1 has the focal detection optical system which asks for 
the image formation position where image formation of the aforementioned pattern is carried out by the 
aforementioned projection optical system further, and the aforementioned sensitization substrate was moved to the 
aforementioned image formation position with the aforementioned actuator, and the aforementioned position detection 
optical system is characterized by detecting the position of the aforementioned sensitization substrate. 
[Claim 3] The method of computing the sign error produced according to the tilt angle of the sensitization substrate 
laid in the substrate stage includes the following processes. Move the aforementioned substrate stage equipped with the 
move mirror to the image formation position of a projection optical system, the aforementioned substrate stage is made 
to incline the whole predetermined angle, where the position of the aforementioned sensitization substrate is detected, 
the coordinate value within the field which irradiates a laser beam and intersects perpendicularly with the 
aforementioned move mirror with the optical axis of the aforementioned projection optical system each time is 
calculated, and the sign error for every aforementioned predetermined angle is detected. 

[Claim 4] The method of computing a sign error according to claim 1 includes the process which detects the image 
formation position of the aforementioned projection optical system first. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the equipment which carries out projection 
exposure of a semiconductor circuit pattern or a liquid crystal display element pattern drawn on the reticle at a 
sensitization substrate (the semiconductor wafer and glass plate which applied the resist layer). The detection precision 
of the laser interferometer which detects the stage position where especially the sensitization substrate appeared is 
raised. 
[0002] 

[Description of the Prior Art] A semiconductor integrated circuit or liquid crystal (a semiconductor integrated circuit 
explains hereafter) repeats exposure of several times to about ten times or more of circuit pattems, and is 
manufactared. Tlien, the projection aligner has detected the position of a sensitization substrate (a wafer explains 
hereafter) or the XY direction of a reticle (or circuit pattern), and rotation using various alignment sensors in the case 
of pattern exposure. 

[0003] Moreover, a wafer cannot be exposed, unless it moves a wafer into the depth of focus of a projection lens, in 
case the circuit pattern drawn on the reticle is exposed. Then, the projection aligner moved the wafer in the direction of 
an optical axis of a projection lens, and is equipped with the focal leveling stage of a specified quantity ****** sake 
for the wafer. This focal leveling stage is equipped with the move mirror which reflects the laser beam irradiated from 
the laser interferometer besides the wafer, 

[0004] Therefore, in case a wafer is put in in the depth of focus according to the pattern projection image of a reticle, a 
focal leveling stage will need to move a wafer in the direction of an optical axis of a projection lens, and will need to 
lean a wafer. Then, the move mirror on a focal leveling stage will also move in the direction of an optical axis, and it 
will incline. Therefore, if XY coordinate is measured within the flat surface which intersects perpendicularly with the 
optical axis of a projection lens by the laser interferometer laid on the base, the so-called sign error E will arise at the 
measurement value of a laser interferometer. 

[0005] Moreover, in case the so-called contact hole is exposed by the scanned type (scan type) projection aligner, since 
the depth of focus is enlarged, a focal leveling stage may be leaned intentionally, and the synchronous scan of a reticle 
and the focal leveling stage may be carried out. Also in this case, the so-called sign error E will arise at the 
measurement value of a laser interferometer. 

[0006] Furtiiermore, when the run slideway of an X-Y stage has a wave to the laser interferometer and an X-Y stage 
drives, the move mirror on a focal leveling stage may also incline as the so-called rolling and pitching. Also in this 
case, the so-called sign error E will arise at the measurement value of a laser interferometer. 
[0007] 

[Problem(s) to be Solved by the Invention] If exposure of a circuit pattern is repeated with the sign error E arisen, 
exposure will be repeated with positioning accuracy not come out, and it will become impossible however, to 
manufacture the semiconductor integrated circuit to which high integration is progressing. 
[0008] 

[Means for Solving the Problem] Then, the actuator 21 with which the aligner of the invention in this application 
carries out the predetermined angle inclination of the leveling stage 1 5 to the optical axis of the projection lens PL, The 
move mirror 32 laid in the leveling stage 1 5, and the laser interferometer 34 which irradiates a laser beam at the move 
mirror 32, and obtains a coordinate value, Checking an alignment mark by the alignment sensor 20 which detects an 
alignment mark, and the alignment sensor 20 The main-control section 50 which computes the sign error E which reads 
a coordinate value by the laser interferometer in the state where Wafer W was made to incline with an actuator, and is 
produced according to the tilt angle of Wafer W, It has HABINGU glass 35 which adjusts the measuring point of a 
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laser interferometer 34 in the direction of an optical axis of the projection lens PL. 

[0009] For this reason, a sign error is searched for using the tilt angle theta of this stage, and the coordinate value 
obtained by the laser interferometer, and since the measuring point of a laser interferometer can be adjusted so that a 
sign error may not occur with HABINGU glass, the coordinate of high positioning accuracy can be acquired. 
[0010] 

[Embodiments of the Invention] Hereafter, this example is explained. Drawing 1 shows step [ of this example ] and 
the projection aligner of - scanning method (henceforth a scanned type). Here, the Z-axis is taken in parallel with the 
optical axis of the projection lens PL, and a Y-axis is taken for the X-axis in the space of drawin g 1 in parallel with the 
space of drawing 1 within a two-dimensional flat surface perpendicular to the optical axis. 

[001 1] In this drawing. 1 , the lighting light for the exposure from the light source 1 1 illxmiinates the lighting field of 
the shape of a slit of the pattern formation side of Reticle R by the uniform illumination distribution through a 
condensing lens 12. Projection exposure of the pattern in the lighting field on Reticle R is carried out as a slit-like 
image through the projection lens PL on the wafer W with which the photoresist was applied. Reticle R is held on a 
reticle stage 13, and a reticle stage 13 is laid on the reticle base 14. A reticle stage 13 is driven by the linear motor to a 
scanning direction (the direction of X) on the reticle base 14. The X coordinate of Reticle R is measured by the move 
mirror 3 1 and laser interferometer 33 on a reticle stage 13, and the main-control system 50 to which this X coordinate 
carries out control control of the operation of the whole equipment is supplied. Although not shown in drawing, the 
move mirror and the interferometer are formed like [ Y coordinate ] the X coordinate. The main-control system 50 
performs the position of Reticle R, and control of traverse speed through the reticle-stage drive circuit 41 and a reticle 
stage 13. 

[0012] On the other hand, Wafer W is held on the focal leveling stage 1 5 through a wafer electrode holder (un- 
illustrating). It is laid on the Y stage 16 through the actuator 21 (two are displayed in drawine.1 ) which can move the 
focal leveling stage 15 to three Z directions freely. The variation rate of each actuator is measured by the encoder 22 
incidental to each. The Y stage 16 is laid on the X stage 1 7. The Y stage 16 and the X stage 1 7 are laid on the base 1 8 
so that it may be held by the pneumatic bearing, for example, may be moved in the XY direction by the linear motor. 
[0013] Moreover, X and the move mirror 32 (32X, 32 Y) for Y-axes are fixed to the upper limit of the focal leveling 
stage 1 5. The laser beam from the laser interferometer 34 (34X, 34Y) laid in the base 18 is irradiated by the move 
mirror 32, and the monitor of the XY coordinate (inside of the orthotomic surface with the optical axis of the projection 
lens PL) of Wafer W is always carried out. HABINGU (transparent parallel plate) 35 is formed between the move 
mirror 32 and the laser interferometer 34. These details are mentioned later. 

[0014] The main-control system 50 controls operation of X, the Y stages 16 and 17, and the focal leveling stage 15 
through the wafer stage drive circuit 42 based on the supplied coordinate. For example, synchronizing with the 
projection lens PL scanning Reticle R at speed VR in the direction of +X (or the direction of -X) to a lighting field 
through a reticle stage 1 3 as what projects an inverted image for the projection scale factor beta (beta is for example, 
1 / 4 grades). Wafer W is scanned at speed VW (- beta-VR) in the direction of -X (or the direction of +X) throu^ the 
X stage 17, 

[0015] In a projection aligner, it is necessary to perform ahgnment (alignment) of Reticle R and Wafer W with high 
precision in advance of exposure of this pattern space. The position detecting method of the mark on a wafer is roughly 
divided into three. The 1st method is a way picturize the image of a mark and an image processing detects the position. 
The 2nd method is a laser beam scanning method which detects the mark position based on the scattered light or 
diffraction luminous-intensity change which scans relatively the grid-like alignment mark and tiie sheet beam of 
helium-Ne laser which have periodicity in the direction which intersects perpendicularly in the measurement direction, 
and is generated from the mark concerned. The 3rd method is a method called "grid alignment" which uses the 
alignment mark of the shape of a grid which has periodicity in the measurement direction. This method is fiirther 
subdivided by a gay dyne method and the heterodyne method by composition of optical system. Moreover, as position 
detection optical system, there are an off-axis method which uses the microscope of the exclusive use installed 
separately, and a TTL (Through TheLens) method which uses a projection lens as position detection optical system 
with a projection lens. In this example, the position detection optical system (alignment sensor) 20 of a TTL method is 
drawn on drawing 1 . The alignment signal acquired by alignment 20 is supplied to the main-control system 50. 
[0016] It explains per composition of the focal position detection system (henceforth "AF sensor") 19 (19S, 19R) of the 
multipoint for detecting the position (focal position) of the Z direction of the front face of Wafer W. In this multipoint 
AF sensor 19, a nonphotosensitivity detection light is irradiated from light source 19S to a photoresist. Detection light 
is aslant projected to the optical axis of the projection lens PL in the field on Wafer W. Image formation of tiie 
reflected light from those measure points is condensed and carried out by light sensing portion 19R. Photo electric 
translation of the reflected light by which image formation was carried out is carried out by many optoelectric 
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transducers, respectively, and, next, signal processing of these photo-electric-translation signal is carried out. AF 
sensor asks for the focal position of Wafer W, and the inclination of Wafer W by this, and the focal position of Wafer 
W and the inclination of Wafer W are supplied to the main-control section 50. 

[001 7] Drawing 2 is the perspective diagram having shown control of the focal leveling stage 15 circumference of this 
example. In this drawing^ , X and the move mirrors 32X and 32Y for the Y-axes are being fixed to the upper surface 
of the focal leveling stage 15. The laser beam from laser-interferometer 34X is irradiated by move mirror 32X, and the 
monitor of the X coordinate of Wafer W is always carried out. HABINGU 35X was attached between move mirror 
32X and laser-interferometer 34X, and the optical path of a laser beam is bent. Moreover, the monitor of the Y 
coordinate of Wafer W is always carried out by move mirror 32Y and laser-interferometer 34Y for the Y-axes. 
Between move mirror 32 Y and laser-interferometer 34Y, HABINGU 35Y is attached like the X-axis. The X coordinate 
and Y coordinate which were detected by these are supplied to the main-control system 50. 

[0018] In addition, in drawi ng 2 , although one laser-interferometer 34Y each laser-interferometer 34X for the X-axes 
and for Y-axes is drawn, in order to measure yawing, one laser interferometer is further prepared at a time in each 
shaft, respectively (un-illustrating). An actuator 2 1 is constituted using the method which uses a rotary motor and a 
cam, or a laminating type piezoelectric device (piezo-electric element). Thus, when using the driver element linearly 
displaced as an actuator 21, as an encoder for detecting the position of a Z direction, the linear encoders 22, such as 
optical or an electrostatic-capacity formula, are arranged near the actuator 21, The value of the Z direction obtained 
from the linear encoder 22 of the three supporting points is supplied to the main-control system 50. By the main- 
control system 50, the position of the Z direction of Wafer W, the tilt angle of the circumference of the X-axis, and the 
tilt angle of the circumference of a Y-axis are calculated from the value of the Z direction of the three supporting 
points. And based on information, such as a position of the information on the focal position of AF sensor, and the Z 
direction of Wafer W, and a tilt angle, the main-control system 50 sends a control signal to the wafer stage dnve circuit 
42. In the wafer stage drive circuit 42, the surrounding tilt angle of the X-axis of the focal leveling stage 15 and a Y- 
axis is adjusted by making three actuators 21 expand and contract equally by adjusting the position (focal position) of 
the Z direction of the focal leveling stage 15, and adjusting individually the amount of expansion and contraction of 
three actuators 21. 

[0019] Next, the image surface A of the projection lens PL in the scanned type projection aligner mentioned above and 
the difference H with the measurement position B of a laser interferometer are explained using drawing j (a). This 
drawing 3 (a) explains only a scanning direction (the direction of X). It is moved by three actuators 21 by which the 
focal leveling stage 15 was established in the Y-axis stage so that Wafer W might come to the image formation 
position A obtained by the AF sensor 19. At this time, the focal leveling stage 15 angle theta (circumference of a Y- 
axis) Inclined, and move mirror 32X also leans the angle (90 degree-theta). On the other hand, the laser beam of laser- 
interferometer 34X is irradiated by the measurement position B of move mirror 32X. For this reason, the difference of 
the Z direction of the image formation position A and the measurement position B is set to H, In this case, the sign 
error E will appear in the X coordinate obtained by laser-interferometer 34X. In addition, the sign error E is E=H*sin 
theta**H*theta It is(l). 

[0020] Next, measurement of the sign error E produced according to the image surface A of the projection lens PL and 
the difference H with the measurement position B of a laser interferometer is explained (see d rawin g 5 ). First, it asks 
for an image formation position by the AF sensor 19, the leveling stage 15 is moved at a level with the field which 
intersects perpendicularly with the optical axis of the projection lens PL, and Wafer W is set by the image formation 
position. And it moves on the X stage 17 and the Y stage 16, and has Wafer W so that the alignment mark formed on 
Wafer W can be measured by the TTL alignment sensor 20. While the alignment mark had been made to hold in the 
image formation position A of the projection lens PL in this state, the focal leveling stage 15 is rotated with an actuator 
21 in step from an inclination (-thetaO) to an inclination (+thetaO). When it rotates, deflection of the X coordinate 
obtained by the laser interferometer 34 is set to Xif Moreover, when the focal leveling stage 1 5 is made to incline, 
deflection obtained by the TTL alignment sensor 20 is set to Xalg. It is made to rotate within limits (predetermined 
angle of rotation theta) toward which the focal leveling stage 15 inclines, and asks for the deflection Xif and deflection 
Xalg in various tilt angles theta. Therefore, in the main-control section 50, the survey sign error E of the laser 
interferometer produced according to the tilt angle of the focal leveling stage 15 can be searched for with a formula 2. 
[0021]E=Xalg-Xif (2) 

And the sign error E in each tilt angle theta is memorized in the memory in the main-control section 50. In addition, 
although the TTL alignment sensor 20 detected the alignment mark on Wafer W, the TTL alignment sensor 20 may 
detect the FIDISHARU mark FM on the focal leveling stage 15. Moreover, deflection Xalg may always be 0. 
[0022] In addition, although the TTL alignment sensor 20 was used when searching for the survey sign error E of laser- 
interferometer 34X, you may be the alignment sensor of an off-axis method. Moreover, the position detecting method 
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may be any of the 1st method (the image processing of the image of a mark is picturized and carried out) mentioned 
above, the 2nd method (laser beam scanning method which scans a grid-like alignment mark and the sheet beam of 
laser relatively), and the 3rd method (grid alignment). The amount theta of inclinations of the focal leveling stage 1 5 
and a relation with the survey sign error E are shown here at drawing 4 . As shown in drawing 4 , the amount theta of 
inclinations and the sign error E are in proportionality. However, when the run slideway of an X-Y stage surges to a 
laser interferometer and has psi, the sign error E is E=H (theta+psi) (3) 

It becomes. Since the external waviness psi of the run slideway of a stage changes depending on the position of X-Y 
stages 16 and 17 Even if the inclination theta of the leveling stage 15 to an X-Y stage is 0, the inclination of the move 
mirror 32 to the laser beam of a laser interferometer 34 changes. That is, if the image surface A of the projection lens 
PL and the difference H with the measurement position B of a laser interferometer 34 are not 0, it will become the 
aggravation factor of the grid nature of the array of an exposure shot, after XY shaft respectively - has stopped X-Y 
stages 16 and 17 in the specific position here, since psi is fixed, the difference H of the image surface A and the 
measurement position B is searched for by surging as the amount theta of inclinations of the focal leveling stage 15, 
and a proportionality coefficient with the sign error E, as shown in drawi ng 4 and a formula (1), and (3) Therefore, 
what is necessary is just to carry out rotation adjustment of HABINGU 35 so that Difference H may be set to 0. This 
state is shown in (b) of drawing 3 . 

[0023] In addition, the sign error E not only arises, but in fact, by the drive of the focal leveling stage 15, the move 
mirror 32 will incline and the optical path of a laser interferometer 34 itself will incline with the inclination of the 
move mirror 32. Therefore, the tilt angle theta of the focal leveling stage 15 shown in drawing 4 and the relation with 
the sign error E are not perfect straight lines, and as two or more points are plotted, they become a parabolic mostly. 
Since this error component is proportional to the square of an angle theta, it is unremovable in positioning of a laser 
interferometer 34. When this component is included, error F of a laser interferometer 34 can be expressed as follows. 
E'= A*theta*theta+B*theta+E (4) 

It can express, since it is the variable given here with the installation error of the optical path length of a laser 
interferometer 34, or the move mirror 32 and these can be measured separately beforehand - the time of exposure - a 
part for this error ~ a stage position ~ an amendment -- things are made 

[0024] In addition, although an error will be included in the above-mentioned amendment when the external waviness 
psi of a stage is added, compared with the sign error E dominant in error E*, the influence is slight. Although the 
example explained above explained the sign error E in the leveling stage 15 for wafer W, it caimot be overemphasized 
that you may apply to a reticle stage 13. Moreover, although the scanned type projection aligner has been explained, a 
move mirror is laid on a leveling stage, and if it is equipment with which a move mirror also inclines according to the 
inclination of a leveling stage, it is applicable similarly. 
[0025] 

[Effect of the Invention] As mentioned above, according to this invention, the sign error E produced according to the 
difference H of the measurement position of a laser interferometer and the image surface position of a projection 
optical system can be searched for, making a leveling stage incline using position detection optical system. Moreover, 
an parallel plate is put in between a laser interferometer and a move mirror, and since it can adjust so that the 
measurement position of an interferometer may be doubled with the image surface of a projection lens, it can avoid 
including the sign error E in the coordinate value obtained by the laser interferometer. 

[0026] this leans the field (lighting slit field; ~ narrower than a shot field) where it is a scaimed type projection aligner, 
and Reticle R is projected to a scanning direction (X shaft orientations), and scans it by the shot field, and even when 
obtaining the contact hole firom which the depth of focus became 2 or 3 times and a wave is in the slideway of X and Y 
stage, the coordinate acquired by the laser interferometer becomes highly precise 
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loo 1 3] ^ti. y 7t — ii7. • u^';>i^x-r— v?i 

ScOi^tCtlX. Yffim(D^E(]^ 3 2 ( 3 2 X. 3 2 

Y) tm^-^n^, ^-xi a ciEs^nfc i^-if-^ 

#fh3 4 ( 3 4 X, 3 4 Y) ii^ <DU~^-^i)^1^^^ 
3 2ttmS+$n, '^xy\W£DX YJ^eS (^j^l^ >XP L 
<^)^6b<i:<^il3?Sl^) *^^^^:X4^$n5. ^ift^ 3 2 

i u-if— 3 4 tcopjjfcti. /^-^:f>^^ imm<D 



4#^¥ 9 - 2 2 3 6 5 0 
4 

[0 0 14] i.mm^b 0 ij, ^*&$nfcj^gic^:5vi 

T'^XAX^'->?ggeilEl?& 4 2 ^::^UTX, Y7.^-iP 

16, 1 7 &jX:7:t-;^;x • 'J >i^Xx-v 1 5 

ffiffp^£r^^-r^.. iRj^tJS:i^U->XP L75<fi:^fi&^i5 

T. ^5^i7J^Xx->' 1 3 ^:a-LTU?^^^;i/R^mfHm 

^tljttLX+X;^fnI (XtS-X;^ffi]) fCj^^VRT^S 
-r-S® LT. XXx — >f 1 7 i&:^M.T'>XAW7ii 

-x:^rrsi (x« + x;^rfii) fci^ffivw(=e • vr) t 

[0 0 15] ^:^»>t^@fCi3l.iTH. ;r(D/tr$^->m 

u^-t ^:>j\Pi\zmm'^^^'D^=f-^(Dr ^ -i ^ > h 

^ e - N e U-tf-C0'>- h t'- A ,h tB^&*J ^ 

x + ^>:^^TS^>. m3©;^i4(i, ffia(;^fSjtcm»H± 

%(r>mmzx D $ ^ iw^t^^y-r >:^sc; t'^T^p^-f >:3^ 
s s& u > X' 1 1 1 gfj $ n # ffl ® ait ^ ^ ^ ffi -r ^ :r :? 

ffl T -5 TT L (Through TheLens) :^SC;36t* 5 - :*:|lliS0ll 

Tit, TTL:^^<7)<a:ae^tti%=^?^ (T5-r>t>h-fe> 

-t^) 2 0 1 IcMviTl^iS. 7^-f > N 2 0 T^'?. 

[0 0 16] '>XAW(Da®coz:^[&jwfi:s 

rAFt>-y'J tVO) 19 (19S, 19R) (Dm^ 

\z-o^nm'r^, cc^^^^a F-t>-y' i 9 ic^svit, y 

^ hUi^X blC*tLTlt^)t14<0«lfcb^;it)tail 9 St^ 

^s!:)»c':7XAw±cop'^'-;i. h-(cfi:^$n'5. eneo 
{4ERi^oxAw®m$<&^«?), oxAW(Dji^;^taga 

C^-irxAWiDjg^li^^i^^S 0 \zmi^^ix^, 

to 0 1 7] ®2»i. *llifiM(^>7:f-:^X • l/'^U > 
yx5^ — >? 1 5 J^gae^^^p^^bfe^ffiH-Cab-S. CCD 
EI2tr*5HT. -7 * — :^x • u >yx7^ — i? 1 5 03 
iSicHX, Y$fiffl(^^iti@3 2 X, 3 2 Y75tE33^^n 
-CV^5,. ^«*)m3 2 XtCl^-lf-^^tt- 3 4 XA> t>©U 



( 4 ) 

5 

Y tcorB^t::ti;N-e>i^3 5 YA^^oir^tt ^.nxi.^^.. 
[ 0 0 1 8 ] ;:tti. S 2 fcisiiXfS, Xifi^tDU-if- 10 

¥^ff 3 4 XLY^m<DU~1f-=^^9f 3 4 Y;&^§ 1 O 

^ax-^' 2 1 (^iS^fcgag-rs. 33^;iSou-rx> 20 
u-y2 2t^i^^<^nrzz:^\^<Dm\'i^mm^b o(3#t 

C7XAWC0 Z ;^f6l(7)fira. X^lHl D t^JiSi^^SC^Y 

Sa>til^, ^7XAW(^z:^iR]©ag&i;:^^i^ft/iif cDi# 

^tl^^UT, i^^?^5 0(i, f>XA7.-5^-i/*SKS)lHl 
K 4 2 CMWft^^ritS. '>XAX7"-i?5Kffil[eieS4 2 

-eti. 3 Moy i^^^nx-^' 2 1 ^t^^fc{*«S$#s d 
(hUcto. 7 • u^u >y;^-r->^ 1 5 <^>z;5r 

CJ^.^^fiS) (WlSSSffl^, 3{S(D7^^^3.X 30 
t}7. • l^^ >^7.7-—i^ 1 5(DX«l&C^Y*Eb<OIs)0£0 

{0 0 19] ^^t;:. ±KPbfc^^SiS^SJt^mtcfei:^ 

B <!:(DJ§H»CC)I^T0 3 (a) TiEfi?^-r -5, CIO 

03 Ca) rti, ^5^;^fSi (x:=^rsi) <rt^\z-o^^xnm 
5 ;i^Y$S;^T- vfc^tten;^ 3Mcor^7f'^x-^' 2 40 

32XfcftS (90" -0) m^^TU^. U--tf 
4 X(DU-tf-JtH. i^ffi^S 2 XtOfj-j^ffi 

ico Z :^f6](7>||tSH U- — if — 

ff3 4 XT^^.nSX^®»C(i, -t^-f >^|lE;5<|£^r 

E = H*sin©^H*0 (1) TaS-S. 

[0 0 2 0 ] '^\Z, BmU>XP LiDmmAtl'-if'- 50 



4^^^ 9 - 2 2 3 6 5 0 
6 

^^tf-toH-sm® B <h CO^ H J; i; a -itOi^ll 
EOH-S«t3-^HTl!i?|-r'& (05^#M) . Sr, AF 
-tr>-y- 1 9 Ti^lfefeSSr^fti). U-^ U >yX7"->^ 1 5 

^tkBl'>XPL 0^mtmS^t^n\Z7ii^{z^Wi^ii: 

T, 0XAW$ife&&@(C-&t)-fr-5. ^UT':?XAW± 

-fe>-9-2 OTti-iM-C^^.<fc^»C, X7.7"-i;i7. Y7. 
5"->f 1 6 ^r^fiijL-OXAW^: feoTl/i< . Z<r>^m 

Tr 7< / > S-r-i?^&|gi/>XP L<Di^ife&® Ate 
^mm (-0 0) 75^6.^)^ (+0 0) 
•tf-^^tf3 4 x^e-nsx^m^^s^^xif ti-s. 
rci?Sf:TTLT^'f>>N-fe>'y'2o -c#^.n-5ig^^ 
m^-r^>«5fflrt (m^tHie^e) TiEife^itT. v^^v* 
T, i^wai 5 0 7 :t-;^j ;^ • u^'j >yx^- 

[0 0 2 1 1 E = Xalg-XH ( 2) 

0 f*gOpt^ U (Cl2tt-r^. ':?XAW±©7 ^-f ;* 

>h^-i?^TTL7^-f^>'H-t>1}-20 -C-^mUfc 

i^yit — tiy. - v^u^^t,?^— v?i 5±<D7'f-xw^>' 

-\:JU^-^^FM^£TTLr^>f;?t>h-t>-9-20 T^m 
[0 0 2 2 1 L'-'tf-^^fff-S 4X(^^M-y-'r> 

St) , m3<D^m m=i-7 ^-i :^>h) (^)Vit'nr&o 
Tfe^j^sti^Si^i. c:c»c, y Tt-tty. ' V'^^) >i/7.9^ 
itmmm^zsb^. mu, x YAx-v(7?^o^F^®/)tu 
~^~=f^^§f\zMvx^t2t) rt>^m^x\^-i^m^. 1t< 

E = H (0 +Tl>) (3) 

v'le. I 7 <DiiLmiZ^WVX^itr^(DX. XYX 
7=-->f(C^t-r'5 U'^U >i:^X5^->f 1 5(DMi^0*^OT 
SoTt> U-if-^#tf3 4<Di — -tf-}^~AizM-^^ 

^mm3 2(Dm^itmifri>. rut>-^. ^s^u>xp 



( 5 ) 
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(b) Ic^fT. 

[ 0 0 2 3 ) HGStrn:? • u-^U >yx 10 

1 5<0|giftfC^t>r^fiti^3 2:i!i<m^u-y-<>^ 

1 5 <0^S^^ 0 t-y-'f >^^E tCOllfi^t^^^TiiljglT 

^^i*S<!:, l/-1^*-^^fff-3 4(O^ME' it&,T(0^ 
r>iZ^t>^i>, 20 
E ' = A * 0 * 0 + B * 0 + E ( 4 ) 

::^T^'-•^f-i^^^^^3 4 (z>)tesg-^^i(F 

[ 0 0 2 4 ] /cCti, ;^7^-v(0-5^at) tfi AtfiD*?^*^, 
±3e*SiETJi^ll*-^tf d <i:{C75:'5/)t, ^HE' (O^'X 

>if7.T-'Jl 5 {C:fett'5-y-'r >I^^E»C^liTSft?gU 30 
[ 0 0 2 5 ] 

[%^05*!i*] iU±coj:pfz. *|«?gtc^n«, U-1f 



[ 0 0 2 6 ] ;i<D^tyx. ^^^s^sjtsa-e, 

@i^J:0 *>3B^U) ^£m^:&(^q (Xti:^lSl) tctetti^g-y 
S t S . 

[0 2 1 't^XAWffliD^ :r — :^7. ' W^»j>i^X7" — V 
tSSi ®5 (a) fi. y ^—tiTs • U"<U y^Ts'r — 

t^m^LftmxS^^, 03 (b) »i. (Z;^[iil) 
[S4] 7:*--:trX • U'^'J V^^X^^r-v^coffi^ift e t 

[0 51 7:f-;^3X • U^'J >y7.7^->'<0i^S^^ 0 t 

-tJ-^f >^^E UfcXT*^, 
[^^CDgft?^] 

Uf^i^^t- R C^XA 

W 

U5"i^;ux7^-i? 13 Si^u> 

X P L 

U'^'j >i^Xx— 15 YTs^- 

=J 1 6 

y ^ 2 1 x>3 — 

y 2 2 

5 5- 3 1 U^i^JU 

ffi^^ff- 33 

-^XA^^ti-ffl' 7- 3 2 *>XAffl 

^#ff^ 3 4 

n-My^ (3pff¥te) 3 5 -y--;!^* 

3 6 
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